U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 1 of 49 



1/49 



FIG.l 
PRIOR ART 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 2 of 49 



2/49 



FIG.2A 
PRIOR ART 



FIG.2B 
PRIOR AR 




FIG.2C 
PRIOR ART 




JAN 3 0 act o 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 3 of 49 



7 



3/49 



FIG.3A 
PRIOR ART 

FIG.3B 
PRIOR ART 



FIG.4A 
PRIOR ART 



FIG.4B 
PRIOR ART 

FIG.5A 
PRIOR ART 

FIG.5B 
PRIOR ART 





4/49 



FIG.6A 
PRIOR ART 




FIG.6B 
PRIOR ART 

SCATTERED LIGHT 




FIG.6C 
PRIOR ART 




U S Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 6 of 49 

^ J 

6/49 



FIG. 8 




FIG. 9 




+SECOND-ORDER LIGHT 
+FIRST-ORDER LIGHT 
ZERO-ORDER LIGHT 
-FIRST-ORDER LIGHT 
-SECOND-ORDER LIGHT 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 7 of 49 



7/49 



FIG. 10 





U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 8 of 49 



8/49 



FIG.llA 



FIG.llB 


FIG. 


12A 


FIG. 


12B 


FIG. 


ISA 


FIG. 


13B 




i 




14 

-eeiT- 



A 
B 



14 





( 




— o o o 



A 
B 



14 







( 

CUD 









A 
B 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 9 of 49 



9/49 



FIG.14A 



FIG.14B 



FIG.14C 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 \ 
Appln. No. 1 0/689,54 1 , Art Group 1 763, Sheet 1 0 of 49 , 



10/49 





FOCUSING POSITION 



FIG.15C 



LA LB LC LD SAMPLE 



X 



SP1SP2SP3 



B 



14 



SP'l ) SP'3 
SP'2 



U S. Application of FUJIMOTO et al., Conf. No 9317 
Appln No. 10/689,541, Art Group 1763, Sheet 14 of 49 



3 0 236^ o>| 



14/49 



FIG. 19 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 15 of 49 



15/49 



FIG. 20 



AF START ON 
SINGLE-SPOT SYSTEM 




SWITCH TO 
MULT I -SPOT SYSTEM 



S3 



FOCUS DETECTING 
OPERATION ON 
MULTI-SPOT SYSTEM 






YES 


RESTORATION OF 
SINGLE-SPOT SYSTEM 


\ 




FOCUS DI 
OPERAT 
SINGLE-SP 


iTECTING 
ION ON 
OT SYSTEM 







S7 



END 





U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 18 of 49 



18/49 



FIG. 23 



AF START SW ON 



DIFFRACTION 

GRATING 
SENSOR READ 



SINGLE 



SI 




S2 




MULTI 



S4 



ND FILTER IN 



S7 



SINGLE-/MULTI-SPOT 
SWITCH 



S5 



ND FILTER OUT 



FOCUS DETECTING 
OPERATION 



.S6 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 20 of 49 



3 0 2SBi^ o] 



20/49 




U S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln No. 10/689,541, Art Group 1763, Sheet 21 of 49 



21/49 



FIG. 26 



49b 



Sw 



Single-Spot 



Ml 



Multi-Spot 



A F 



49a 



M2 




Mn 





T 

49 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 22 of 49 



22/49 



FIG. 27 



AF START SW ON 




SI 



SPOT LIGHT 
SELECTION SW READ 



S2 



SIO 



SINGLE-/MULTI-SPOT 
SWITCH, MULTI-SPOT 
PROJECTION PATTERN CHANGE 





DIFFRACTION 
GRATING 
OUT 



S5 



DIFFRACTION 
GRATING 
IN 45b 



ND FILTER 46c IN 



S9 



S8 



ND FILTER 
IN 46b 



FOCUS DETECTING 
OPERATION 



S7' 



DIFFRACTION 
GRATING 
IN 45a 



S8' 



ND FILTER 
IN 46a 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 23 of 49 




JAN 3 0 29Ci «> 



U.S. Application of FUJIMOTO et al, Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 24 of 49 



24/49 



FIG. 29 



AF START SW ON 




SI 



SPOT LIGHT 
SELECTION SW READ 



S5 



S9 



S2 



SIC 



SIN6LE-/MULTI-SP0T 
SWITCH. MULTI-SPOT 
PROJECTION PATTERN CHANGE 




DIFFRACTION 
GRATING 
OUT 



DIFFRACTION 
GRATING 
IN 45b 



SET DRIVING 
CURRENT TO a 



S7' 



DIFFRACTION 
GRATING 
IN 45a 



S8 



SET DRIVING 
CURRENT TO b 



S8' 



SET DRIVING 
CURRENT TO c 



FOCUS DETECTING 
OPERATION 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 





S7 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 26 of 49 



26/49 
FIG. 31 



AF START SW ON 




SWITCH DETECTION 



S2 



Sll 




SINGLE-/MULTI-SPOT 
SWITCH, MULTI-SPOT 
PROJECTION PATTERN CHANGE 



DIFFRACTION 
GRATING 
OUT 



DIFFRACTION 
GRATING A 
IN 



S6' 



DIFFRACTION 
GRATING B 
IN 



INPUT OUTPUT 
SIGNAL X OF 
PHOTODETECTOR 



S8 



CALCULATE NEW 
DRIVING CURRENT Z 
FROM OUTPUT 
SIGNAL X AND PRESET VALUE 



SET DRIVING 
CURRENT TO Z 



FOCUS DETECTING 
OPERATION 



S9 



SIC 



U S Application of FUJIMOTO et al., Conf. No. 9317 
Appln No. 10/689,541. Art Group 1763. Sheet 27 of 49 



27/49 



FIG.32A 




AXIAL DIRECTION 



FIG.32B 




AXIAL DIRECTION 




AXIAL DIRECTION 



FIG.33B 




AXIAL DIRECTION 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 29 of 49 



29/49 



FIG. 34 



Df 



55 



57 















L 















































56 



FIG.35A 



FIG.35B 



SAMPLE SURFACE 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 30 of 49 



30/49 



FIG.36A 



FIG.36B 



fUILJl 

I 



I I 



-TLJLJl 

I 



FIG.37A 



FIG.37B 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 31 of 49 



31/49 



FIG.38A FIG.38B 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 32 of 49 



32/49 



FIG.39A 




FIG.39B 



FIG.39C 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 33 of 49 



33/49 



FIG.40A 




FIG.40B 



FIG.40C 




Al A2 A3 A4 A5 



z 



65 



B1B2B3B4 B5 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
/sippln. No. 10/689,541, Art Group 1763, Sheet 34 of 49 



34/49 



FIG.41A 




U.S. Application of FUJIMOTO et al., Conf. No 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 35 of 49 



35/49 





FIG. 44 




70A 



U.S. Application of FUJIMOTO et al., Conf. No. 9317 
A.ppln. No. 10/689,541, Art Group 1763, Sheet 36 of 49 



36/49 



FIG. 45 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689.541, Art Group 1763, Sheet 37 of 49 



37/49 



FIG.46 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 38 of 49 



38/49 



FIG. 47 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 39 of 49 



39/49 



FIG. 48 





U S Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 40 of 49 



40/49 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 41 of 49 



41/49 




U S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 42 of 49 




43/49 




LO 



44/49 




U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 45 of 49 




"US Application of FUJIMOTO et al., Conf. No. 93 1 7 
Appln. No. 10/689,541, Art Group 1763, Sheet 47 of 49 

47/49 




^ • ^ U.S. Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 48 of 49 



48/49 




U S Application of FUJIMOTO et al., Conf. No. 9317 
Appln. No. 10/689,541, Art Group 1763, Sheet 49 of 49 



49/49 



FIG.59A 



INCIDENT BEAM 
75 




FIG.59B 



INCIDENT BEAM 




LONG DISTANCE 

^ 



FIG.59C 



+SECOND-ORDER LIGHT CONVERGENT SPOT 
+FIRST-ORDER LIGHT CONVERGENT SPOT 
ZERO-ORDER LIGHT CONVERGENT SPOT 
-FIRST-ORDER LIGHT CONVERGENT SPOT 
-SECOND-ORDER LIGHT CONVERGENT SPOT 



+SECOND-ORDER LIGHT CONVERGENT SPOT 

+FIRST-ORDER LIGHT CONVERGENT SPOT 
ZERO-ORDER LIGHT CONVERGENT SPOT 
-FIRST-ORDER LIGHT CONVERGENT SPOT 

-SECOND-ORDER LIGHT CONVERGENT SPOT 



INCIDENT BEAM 




SHORT DISTANCE 

^ 5^ 



+SECOND-ORDER LIGHT CONVERGENT SPOT 
+FIRST-ORDER LIGHT CONVERGENT SPOT 
ZERO-ORDER LIGHT CONVERGENT SPOT 
-FIRST-ORDER LIGHT CONVERGENT SPOT 
-SECOND-ORDER LIGHT CONVERGENT SPOT 



